Background: In Benin, little is known about the influence of both gender and HIV-status on diagnostic patterns and treatment outcomes of Tuberculosis (TB) patients. Objective: To assess whether differences in gender and HIV status affect diagnostic patterns and treatment outcomes of TB patients. Methods: Retrospective cohort study of patients registered in 2013 and 2014 in the three largest TB Basic Management Units in south Benin. Results: Of 2694 registered TB patients, 1700 (63.1%) were male. Case notification rates were higher in males compared with females (96 vs 53/100,000 inhabitants). The male to female ratio was 1:1 in HIV positive patients, but was 2:1 among HIV negative cases. In HIV-positive patients, there were no differences in TB types between men and women. In HIV-negative patients, there were significantly higher proportions of females with clinically diagnosed pulmonary TB (p = 0.04) and extrapulmonary TB (p < 0.001). Retreatment TB was 4.65 times higher amongst males compared with females. For New bacteriologically confirmed pulmonary TB, no differences were observed in treatment outcomes between genders in the HIV positive group; but significantly more unfavorable outcomes were reported among HIV negative males, with higher rates of failure (p < 0.001) and loss-to-follow up (p = 0.02). Conclusion: The study has shown that overall TB notification rates were higher in males than in females in south Benin, with more females co-infected with HIV. Unfavorable outcomes were more common in HIV-negative males.
Introduction
Tuberculosis (TB) has been a serious burden to mankind over many generations, and, despite major advances in TB control efforts in the last century, the disease remains a major global health concern [1] . Despite considerable resources allocated for disease control, millions of new cases are detected each year. For example, in 2015, the World Health Organization (WHO) estimated that there were 10.4 million new cases worldwide [2] . Low and middle income countries, many of which are located in sub-Saharan Africa, are the most affected, with the main contributing factors being extreme poverty and a high prevalence of Human Immunodeficiency Virus (HIV) infection [1] [2] . HIV is the most important risk factor for TB and is also known to negatively impact treatment outcomes of co-infected TBHIV patients [3] [4] . Women are more vulnerable at acquiring HIV infection compared with men [5] , and therefore they are at higher risk of developing TB [4] . However, at a global level, active TB disease is more common in men according to annual WHO reports [2] . TB case notification rates among men and women differ in different settings, constituting one of the epidemiological curiosities of this disease. Despite much discussion in the scientific literature about the reasons for these disparities, it is still unclear why this happens [5] . Biological and behavioural differences, inequity in accessing health care and pregnancy have been identified as possible key reasons, although convincing associations have yet to be shown [6] [7] . It is possible that HIV-status plays an important part in determining gender-related differences in TB diagnosis and management, and this needs to be addressed. A better understanding of gender and HIV status may help the global community reach the "End TB Strategy" targets of reducing TB incidence and death by 90% and 95% respectively in 2030 compared with 2015 [8] . The WHO TB case notification reports, in their current format, do not allow such analyses on TB diagnosis patterns and outcomes with respect of both gender and HIV-status [2] , but this is something that can be achieved at a programmatic level.
Benin is a West Africa country with a population of approximately 10 million inhabitants [9] . The country annually notifies between 39 -41 cases/100,000 inhabitants [10] . Although the general population is predominantly female (51.2%), notified TB cases are much higher among men [9] [10] [11] . Data on TB are reported using the same WHO notification forms, which are the basis of decision-making in the programme. An operational research study was therefore undertaken to investigate whether there were any significant differences in diagnostic patterns and treatment outcomes of TB in relation to both gender and HIV-status. 
Materials and Methods
Study design. This was a retrospective cohort study using routinely collected data with the data collected between January and March 2017.
General Setting
Benin shares borders with Nigeria, Togo, Niger and Burkina-Faso. It is a low income country with a gross national income per capita of US$840 in 2015 [12] . The probability of dying between 15 and 60 years was 59 years in men and 61 years in women in 2015 [13] . HIV prevalence in the general population is 1.2%. This prevalence is slightly higher among females compared with males (1.4% vs 1.0%) [14] . Antiretroviral therapy coverage in those infected with HIV was similar in 2015 [15] . Regarding other risk factors for TB, diabetes mellitus prevalence in the country was 12.4% in one survey with no significant differences found between males and females (12.7% vs 12.2%) [16] .In Benin, the prevalence of smoking is 9.5% in men and 0.5% in women [16] .
Study Sites
The study was carried out at the country's three largest Basic Management Units (BMUs) out of the 19 that serve the southern region: "Centre National Hospitalier Universitaire de Pneumo-phtisiologie" (CNHUPP) at Cotonou, "Centre de Pneumo-phtisiologie d'Akron (CPP-Akron)" at Porto-Novo, and "Centre de Santé d'Abomey-Calavi" (CS Calavi) at Abomey-Calavi. These three BMUs notify about 60% of all TB cases in the region and one third of all cases reported in the whole country [10] . The catchment population of the three BMUs was 1,822,391, of whom 51.4% were females according to the 2013 national census [9] . Extrapulmonary TB diagnosis (EPT): the diagnosis of this type of TB is mostly empirical, based on focal symptoms and/or radiologic/histological/laboratory abnormalities. Outcomes of all treated TB patients are reported using the WHO standardized definitions: cured, treatment completed, death, failure, loss-to-follow up. Details on these terms are provided in Box 1 [18] .
TB Diagnosis and Management in Benin

Treatment
TB-HIV Co-Infection
All diagnosed TB cases are systematically offered HIV testing. In addition, for those who are found co-infected with HIV, appropriate care i.e. Cotrimoxazole
Preventive Therapy (CPT) and Antiretroviral Therapy (ART) is provided in line with WHO recommendations [4] .
Patients
All TB cases recorded in TB registers in CNHPP, CHPP Akron and CS Calavi in 2013 and 2014 were included in the study.
Data Variables and Collection
Data for this study were collected from paper-based TB registers and included:
age, sex, types of TB, bacillary load at the time of diagnosis for new BCPT, sputum smear results at two months, treatment outcomes. These data were entered into an electronic file using EpiDataEntry 3.1 (EpiData Association, Odense, Denmark).To reduce errors, the electronic file was later cross-checked with TB registers by another data manager.
Data Analysis
Data were analyzed using Epidata AnalysisV2. Outcome Definitions Cured A pulmonary TB patient with bacteriologically confirmed TB at the beginning of treatment who was smear-or culture-negative in the last month of treatment and on at least one previous occasion.
Treatment completed
A TB patient who completed treatment without evidence of failure BUT with no record to show that sputum smear or culture results in the last month of treatment and on at least one previous occasion were negative, either because tests were not done or because results are unavailable.
Treatment failed A TB patient whose sputum smear or culture is positive at month 5 or later during treatment.
Died A TB patient who dies for any reason before starting or during the course of treatment.
Lost to follow-up A TB patient who did not start treatment or whose treatment was interrupted for 2 consecutive months or more.
Not evaluated
A TB patient for whom no treatment outcome is assigned. This includes cases "transferred out" to another treatment unit as well as cases for whom the treatment outcome is unknown to the reporting unit.
Treatment success
The sum of cured and treatment completed. Patients
Odense, Denmark) and SPSS Statistics for Windows, Version 20.0 (Armonk, NY: IBM Corp). Continuous variables were appropriately described with means (±Standard deviation) or medians (±Interquartile range). Categorical data were described using percentages and proportions. Comparisons of categorical data were made between men and women using the chi-square test. Levels of significance were set at less than 0.05.
Ethics
This study was approved by the National TB Programme. Because of its retrospective nature, approval of the local ethics committee was not required according to their recommendations. Ethics approval for writing up and publishing the data was obtained, however, from the Ethics Advisory Group, International Union against Tuberculosis and Lung Disease, Paris, France. Data were collected anonymously, and using a unique identifier. All databases were confidentially kept and were protected with a password, which was only accessible to authorized persons.
Results
In total, 2694 TB patients were registered in 2013 and 2014, of whom 1700 (63.1%) were males and 994 (36.9%) were females. The TB case notification rate 
Demographic Characteristics
Stratification of MFR by HIV status and age groups is shown in Table 1 . In general, males were older than females (36.2 ± 13.4 vs 32.4 ± 14.1; p < 0.001). Large variations of MFR were observed across age groups in both HIV positive and negative patients. However, in general, while notified TB cases were similar in males and females in those diagnosed HIV positive, two men for one woman were reported among HIV negative cases. In the modal age group (25 -34 years)
which accounted for approximately one third of all cases, this ratio of MFR 2:1 among HIV negative patients was still observed, although the ratio reversed among HIV-negative patients. The most striking MFR differences were found in the 45 -54 year age group, regardless of HIV-status.
Diagnosis, Follow-Up and Treatment Outcomes
Patients were stratified according to their HIV status, types of TB and gender;
and results are presented in Table 2 . In co-infected TBHIV cases, no significant differences were found between males and females with respect to the type of TB. In HIV negative patients, the proportions of females among new CDPT (p = 0.04) and EPT (p < 0.001) cases were significantly higher than males. Conversely, the number of males registered with retreatment TB was 4.65 times higher compared with females.
In all new BCPT patients, while the proportion of males with high baseline bacillary load (i.e., >10 acid fast bacilli /field on Ziehl-Neelsen staining with were more deaths (14.7% Vs 0%) and higher losses-to-follow up (11.8% vs 6.5%) among males (Table 3 (c)). In new CDPT and retreatment TB, no differences in treatment outcomes were found between males and females with respect to their HIV status (Table 3(b) and Table 3 (d)). Finally, ART prescription for TBHIV patients was similar in both groups (86.3% for males vs 87.9% for females).
Discussion
This is the first study implemented in Benin that has assessed whether there were any differences in diagnosis and treatment outcomes between males and females with respect to their HIV-status.
The strengths of the study were that it was representative of the southern region of the country and large numbers of consecutively registered patients over a period of two years were included. The routine data were of high quality and produced by well trained health workers. Moreover, the data had been previously validated during quarterly supervisions and were reliable, as demonstrated in a study in 2010 [19] . The current study is reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [20] . Limitations include its retrospective nature which does not allow any other validation apart from cross-checking with registers. Findings from this study also cannot be generalized to the whole country as the MFR ratio in relation with TB and HIV may vary across the regions.
One of the main findings was that male gender appeared to be a risk factor of developing TB, with a notified MFR in the population and a notified MFR in HIV negative cases that was 1.8 and 2 times higher respectively compared to females. This finding was similar to that reported by Gninafon et al. six years earlier in a nationwide survey [11] and also in 2016 in the WHO TB report [2] , showing its consistency over the years. Elsewhere, many studies have also reported on the predominance of males in TB cases [1] [7] [21] [22] [23] . Several reasons for this observation have been previously discussed although not clearly confirmed. They include genuine biological differences between men and women (men seem to be more vulnerable to M. tuberculosis) [24] and a low access of females to education, information and also health care services due to social, economic and cultural barriers [7] [22] . In Benin, we think that rural to urban migration which mostly affects young men might play a role. These migrants are usually compelled to live in overcrowded urban dwellings that offer ideal conditions for tubercle bacilli to spread and disseminate. The pre-dominance of young men among TB patients in this study is in line with this assumption. In addition, smoking, which is more common among men in the country [16] , may also partly contribute to the predominance of males. For example in one study, smoking was found to be a significant predictor that explains 33% of the variance in the MFR of TB notifications [25] . There may be other reasons to explain this situation. Interestingly, HIV positive patients, who also had a good ART coverage, had a satisfactory treatment success, which did not differ between males and females for all new pulmonary TB cases, although there needs to be improvement for HIV positive men who are diagnosed with EPT.
We were surprised and concerned about the unfavorable treatment outcomes, with more treatment failures and losses-to-follow up among men who were HIV negative and diagnosed with new BCPT. Since the two months sputum smear conversion rate was high and comparable in both men and women, we were expecting to find similar treatment success rates. In the scientific literature, men are usually reported as having a higher unsuccessful treatment rate, but different to our study, the findings were not analyzed with respect to patients' HIV-status [7] [21].
This study has some implications for the TB programme in this region of the country. First, more attention should be paid to men during the course of treatment, especially those who are diagnosed with new BCPT but are not infected by HIV. They should be advised on the importance of maintaining adherence during the continuation phase to avoid treatment failure and loss-to-follow up. For these patients, early tracing if required should also be initiated if they fail to appear on time at scheduled appointments. Second, men are more than four times more likely to have retreatment TB compared with women. More vigilance and information about previous TB is therefore needed whenever a man is diagnosed with TB in order to avoid misclassification and inadequate treatment administration. Third, reasons why males are more vulnerable to active TB than women needs to be investigated in this setting by qualitative and quantitative studies.
Conclusion
The study has shown that the TB notification rate was higher in males than in females in the southern region of Benin. Female TB patients were more likely to be HIV-positive. Unfavorable treatment outcomes were more common in HIV negative males. Further studies are needed to explain the country specific underlying reasons for these gender differences in TB case notifications in Benin and to assess if there are any variations across the different regions.
